Thymic hyperplasia has been described after the resolution of hypercortisolism from several etiologies, causing great diagnostic dilemmas. We describe a case where the catheterization of the thymic vein was essential for the differential diagnosis of a thymic enlargement in an adrenalectomized patient with ACTH-dependent Cushing's syndrome. The patient was a 48-year-old female with clinical and laboratorial data suggesting Cushing's disease. She underwent a transsphenoidal surgery with no tumor visualization and no remission of the syndrome. Histopathological studies disclosed a normal pituitary. She underwent a bilateral adrenalectomy and 8 months later a chest CT showed an increase of left thymic lobe, which was previously non-existent. After a negative 111 In-pentetreotide scintigraphy, the patient underwent simultaneous and bilateral catheterism of the petrosus sinuses and catheterization of the thymic and inominate veins and no ACTH gradient was shown among the sites of collection. She did not undergo thoracotomy and a follow-up was established. During the evolution, there was a spontaneous regression of the thymic lesion 38 months after the diagnosis. The ACTH gradient during the catheterization of thymic vein was essential for the differential diagnosis of the thymic enlargement tumor after hypercortisolism resolution in ACTH-dependent Cushing's syndrome, especially in this case, where the ACTH source was occult, thus avoiding an invasive surgical procedure for a benign entity with spontaneous resolution.
Introduction
Corticotropic tumors represent 60-70% of all cases of endogenous hypercortisolism, and ectopic adrenocorticotropin (ACTH) secretion accounts for 10-20% of ACTH-dependent Cushing's syndrome (1) (2) (3) . Most of these ectopic tumors are located in the thoracic region (bronchial carcinoid tumor and small-cell lung carcinoma) (1, 4) .
Thymic images are important for the differential diagnosis of ACTH-dependent Cushing's syndrome, since thymic tumors can represent the source of ACTH production. In a large series (nZ530) of ectopic tumors, thymic etiologies (carcinoid tumors, malignant thymoma and thymus hyperplasia) accounted for 11.2% of the cases (4) . Thymic hyperplasia has been described after the resolution of hypercortisolism in Cushing's syndrome, more commonly after adrenalectomy, but also after the resection of bronchial carcinoid tumors and corticotropic adenomas and following mitotane, ketoconazole and RU-486 use (5) (6) (7) . The appearance of a thymic mass in a bilaterally adrenalectomized patient with ACTH-dependent Cushing's syndrome can create a dilemma regarding the differential diagnosis between thymic hyperplasia and ectopic tumor, especially in cases where the source of ACTH production remains occult.
We report a patient with post-adrenalectomy thymic enlargement who underwent simultaneous and bilateral catheterism of the petrosus sinuses andcatheterization of the thymic and inominate veins in whom the absence of ACTH gradient among the sites and periphery was important in conveying the benign nature of the thymic enlargement and preventing the surgical investigation of the lesion.
A 48-year-old female farmhand was admitted in May 1994. She had a 5-year history of secondary amenorrhea, muscle weakness, hirsutism, weight gain, facial fullness ("moon face"), lower member edema and headache. Arterial hypertension had been diagnosed one year before admission. She had a family history of arterial hypertension (mother) and diabetes mellitus (father). At the physical examination her weight was 43 kg, body mass index: 21.5 kg/m 2 , blood pressure: 150/100 mmHg, cushingoid face features, supraclavicular fat pad, dorsocervical fat pad ("buffalo hump") and hirsutism were observed. Despite high normal serum cortisol levels, the diagnosis of ACTHdependent Cushing's syndrome was confirmed by high urinary cortisol, collected on three different occasions, cortisol non-suppression with low-dose (1 mg) dexamethasone (serum cortisol 800 h 13 mg/dl), loss of cortisol circadian rhythm of secretion (serum cortisol 1600 h 34 mg/dl, normal value (NV): 4.3-14.5) and plasma ACTH 26.3 pg/ml (NV: 9-52). To achieve the differential diagnosis of ACTH-dependent Cushing's syndrome, cortisol suppression (36 to 2.9 mg/dl, 92%) with high-dose dexamethasone ( Eight months after the adrenalectomy (March 1996), a thorax CT disclosed an enlargement of the left thymic lobe, which was previously non-existent ( Fig. 1) . A thorax MRI confirmed a solid oval formation, 3.0! 2.0!1.5 cm, with homogeneous textural pattern and a slight hypersignal on T2 weighted images. There was no thoracic 111 In-pentetreotide captation, showing little likelihood of a neuroendocrine tumor. Due to the suspected thymic source of ACTH production, a bilateral catheterization of the inferior petrosus sinuses and inominate and thymic veins (in this order) was performed, after checking catheters positions, with no ACTH gradient R2 among the periphery and petrosus sinuses and among the periphery and the thymic and inominate veins ( Table 1 ). The test was performed without stimulation due to much patient discomfort during the procedure. Since there was no gradient, the follow-up was established, keeping the patient under close observation with no surgical intervention for thymic mass removal. In May 1999, there was a spontaneous regression of the lesion 38 months after the initial diagnosis. At the follow-up, the patient persists with high ACTH levels obtained before morning dose of cortisone acetate 25 mg and fludrocortisone 100 mg/day (128-564 pg/ml, NV: 9-52), and is currently performing annual serial imaging assessments of the pituitary, abdomen and thorax that have been negative for tumor lesions up to 2005.
The patient signed an informed consent form and the study was approved by the Ethical and Research Committee of the Institution.
Methods

Hormonal Assay
Serum and urinary cortisol was measured by fluoroimmunoassay at an AutoDelfia System (Wallac Oy, Turku, Finland). Urinary cortisol was measured without extraction (total urinary cortisol). ACTH was measured by an immunoradiometric method (CIS bio International, Gif/Yvette, France).
Discussion
This woman has a prolonged course of ACTH production without localization of its source. This may suggest a pituitary origin for the tumor, but we cannot rule out ectopic, especially a carcinoid source of ACTH/CRH.
Thymic tumors are very significant in ACTHdependent Cushing's syndrome etiology. In a large series of 530 cases of ectopic tumors, thymic diseases accounted for 11.2% (carcinoid tumors, malignant thymoma and thymus hyperplasia) (4).
Thymic carcinoids vary greatly in size (3-20 cm), being, in general, smaller when they are ACTHproducing tumors (5, (8) (9) (10) (11) (12) . Thorax CT is the initial examination tool in the assessment of thymic lesions, with possible image overlapping between normal thymic remnants and small carcinoid tumors (5). Besides tumor size, the lesion shape provides additional information for this differential diagnosis. The maintenance of a triangular shape (transversal cut) is suggestive of thymus hyperplasia (5, 13) .
A review of thorax CT images in the diagnosis of Cushing's syndrome disclosed a prevalence of 33% of thymic remnants tissues (nodules O5 mm diameter or diffuse enlargement), especially in patients younger than 40 years, which did not correlate to cortisol levels. At this age range, the prevalence of thymic remnants varied from 53% (20-39 years) to 100% (!20 years). In patients older than 40 years, the prevalence was lower: 14%. Therefore, the presence of thymic remnants in hypercortisolism is variable, being more common in younger patients. The finding of a larger thymic mass in patients older than 40 years is suggestive of neoplasia (5). Despite a 48-year-old patient, thorax CT showed a benign triangular shape of the thymus, as shown in Fig. 1 .
An ACTH-dependent Cushing's syndrome case of difficult management was reported, in which a previously non-existent thymic mass was shown 8 months after the resolution of hypercortisolism (bilateral adrenalectomy) in the presence of elevated plasma ACTH levels. The appearance of this lesion caused a diagnostic dilemma between ACTH-producing ectopic tumor and thymic hyperplasia secondary to bilateral adrenalectomy.
Twelve cases of thymic hyperplasia after resolution of hypercortisolism have been described, more commonly seen after an adrenalectomy, but also after the resection of bronchial carcinoid tumors and corticotrophic adenomas and following mitotane, ketoconazole and RU-486 use (5-7). Thymic hyperplasia has also been reported following other stressful situations: burns (14) , chemotherapy (15-18) and cardiovascular surgery (19) .
Tabarin et al. reported five cases of rebound thymic hyperplasia after resolution of Cushing's syndrome, calling them thymus pseudotumors. In four cases, the patients were submitted to thoracotomy, with histopathological analysis disclosing the diagnosis of thymus hyperplasia (7). Another study reported two patients who underwent thoracotomy due to thymic masses that appeared after childhood chemotherapy (15) . These cases exemplify the diagnostic dilemma that appears, especially in ACTH-dependent Cushing's syndrome where the source of ACTH production remains occult, as in the reported case. The natural history of thymic hyperplasia has not yet been defined, and may occur 3-4 weeks or several months after hypercortisolism resolution. Its average duration is variable, generally presenting spontaneous resolution and benign course (6, 7) . It is possible that the stroma and epithelial tissues present a variable resistance to glucocorticoids, superior to the lymphoid component (5) . There have been reports of thymic involution due to glucocorticoid use in children (20, 21) , thymic atrophy induced by glucocorticoid therapy in the treatment of testicular neoplasia (16) and in vitro apoptosis of thymic cells in rats, secondary to excessive exposure to glucocorticoids (22) .
There are no reports in the literature about thymic vein catheterism in the differential diagnosis between thymic hyperplasia after hypercortisolism resolution and thymic source of ACTH production. Doppman et al. reported the use of thymic vein catheterism in five patients with Cushing's syndrome due to ectopic ACTH production. All these patients showed thymic ACTH gradient and were submitted to thoracotomy. Two had thymic masses on thorax CT/MRI and confirmed thymic carcinoid tumors. One case presented ACTH-producing thymic hyperplasia with post-operative remission. Thymic source of ACTH was not confirmed in the two other patients and both had persistent Cushing's syndrome. The author concluded that the presence of a positive gradient at the thymus did not necessarily mean an ACTH-producing intra-thymic source and postulated that bronchial carcinoid tumors involving the central bronchial tree or mediastinal nodes may result in elevated levels of ACTH in thymic veins. This is probably because multiple small veins passing from the mediastinum into adjacent thymus tissue could provide an anatomic basis for the sampling results (23) . On the other hand, we should remember that there was no ACTH gradient in our patients' catheterism and Doppman's data alerts us only for false positive results (40%), so there were no false negatives in Doppman's paper. It must be remembered otherwise that un-stimulated bilateral inferior petrosal sinus catheter study involves a substantial proportion of false negative results.
Other diagnostic tools have been used to help localization of these neuroendocrine tumors, but were not conclusive in our case. Many carcinoid tumors, small-cell lung carcinomas and medullary thyroid carcinomas express a large number of somatostatin receptors. The 111 In-pentetreotide scintigraphy has been used to locate occult lesions that cause ectopic ACTH Cushing's syndrome (1) . A study that compared 111 In-pentetreotide scintigraphy with CT and MRI did not show a higher sensibility of the scintigraphy regarding the diagnosis (1). Another series concluded that this image method does not present additional advantage to CT/MRI and showed several false positive results (24) . However, a recent study showed two patients with ACTH-producing bronchial tumors in whom 111 In-pentetreotide scintigraphy was the first imaging assessment technique to disclose the lesion, before the thorax CT and MRI (25) . The role of this diagnostic tool in disclosing truly occult lesions remains to be clarified (1) . The usefulness of positron emission tomography (PET) in the study of ACTH-producing occult tumors is not completely established (26) . Thymus biopsy by videothoracoscopy can be an alternative, although it has not been reported in literature in the same context of our case, and there have been very few reports in other situations. There are reports of the successful use of videothoracoscopy in the excision of mediastinum lesions and thymectomy; it is, however, an invasive procedure that presents morbidity (post-surgical bleeding, for instance) (27, 28) .
Recently, some cases of thymic hyperplasia were confirmed by cytopathological analysis after fine-needle aspirative biopsy of the thymus guided by ultrasound or CT, which is a simpler and less invasive procedure (29, 30) .
In the reported case, after a negative 111 In-pentetreotide scintigraphy, the catheterism of the bilateral inferior petrosus sinuses, thymic and inominate veins was performed along with peripheral blood and no ACTH gradient was shown among the sites of collection. Although Doppman et al. reported limited accuracy of thymic ACTH gradient to define the real source of ACTH production (23), the absence of gradient in our case was important in choosing the conservative observational procedure. This decision was later confirmed as the best choice with the spontaneous involution of the lesion, thus avoiding the exploratory thoracotomy.
The use of glucocorticoid at pharmacological doses could, in theory, lead to an involution of the thymic hyperplasia but not of a neoplasia in this organ, perhaps constituting an interesting strategy for the differential diagnosis. We did not use this on our patient, since the procedure has never been described in the literature, making it difficult to decide which glucocorticoid should be used, as well as its dose and duration of treatment enough to warrant mass involution.
Thymic hyperplasia is therefore important in the context of ACTH-dependent Cushing's syndrome, and although it is rare, it must be recalled in cases after the resolution of hypercortisolism, as in our case, preventing an unnecessary surgical procedure, due to its nonmalignancy and spontaneous resolution. We conclude that negative ACTH gradient in thymic vein catheterism was important in our case, helping achieve a correct diagnosis, and we wait for other negative cases in the future literature to define this in a major number of patients.
